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Figures  1.  Wind  histories:  true  wind  direction  versus 
time,  wind  speed  indicated  by  length  of  the 
vertical  bars.  Data  is  mainly  one-half  hour 
averages . 

Figures  2.  There  are  two  groups  of  figures 

a)  Temperature  (solid  line)  and  relative 
humidity  profiles  (broken  line)  determined 
from  each  radiosonde  release. 

b)  Mixed  layer  parameters;  potential 
temperature  and  specific  humidity.  Plots  for 
a  given  day  are  on  facing  pages. 

Figures  3.  Acoustic  sounder  strip  charts.  The  sounder 
was  located  on  the  RV/Acania. 


I .  Introduction 


During  December  o£  1981  the  Environmental  Physics  Group  of  the 
Naval  Postgraduate  School  (NPS)  and  Stanford  Research 
International,  (SRI),  supported  by  the  Bureau  of  Land  Management 
(BLM),  conducted  the  third  of  a  series  of  transport  and  dispersion 
experiments  in  the  California  coastal  region.  The  first  two 
experiments  were  in  the  Santa  Barbara  Channel.  The  third  and 
fourth  experiments  are  being  conducted  near  Pismo  Beach,  CA,  which 
is  representative  of  an  open  coastal  location.  The  purpose  of 
these  operations  is  to  perform  offshore  tracer  experiments  in 
order  to  parameterize  dispersion  models  for  the  offshore  regime 
and  to  build  a  data  base  for  future  model  development.  The 
purpose  of  this  and  previous  data  reports  is  to  present  the 
pertinent  meteorological  and  source  data  for  use  by  those  who  will 
be  involved  in  the  modeling  effort. 

Although  the  data  gathered  in  these  experiments  have  much 
wider  application,  they  were  collected  for  the  specific  purpose  of 
parameterizing  models  that  will  be  used  to  assess  the  onshore 
impact  of  offshore  oil  exploration  and  production  sites.  Such 
impact  currently  has  great  importance  since  many  coastal  areas  are 
near  the  legal  air  pollution  limit  and  any  significant  additional 
loading  could  push  them  over  the  limit.  Air  pollution  models  in 
current  use  have  not  been  adequately  validated  for  the  overwater 
regime.  Thus,  BLM  has  undertaken  this  series  of  experiments  to 
provide  the  data  base  needed  for  coastal  overwater  modeling. 
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During  the  tracer  experiments,  SFg  gas  was  released  from  the 
ship  RV/Acania  and  tracked  by  an  aircraft  and  mobile  and  fixed 
stations  on  shore.  Meteorological  data  was  gathered  on  the  ship 
and  on  the  shore.  This  report  contains  shipboard  meteorological 
data  and  gas  source  strength.  Shore  meteorological  data  and 
tracer  results  can  be  found  in  a  report  by  SRI. 
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II .  Operations  Outline 

The  California  coastal  region  experiences  a  strong  land-sea 
breeze  cycle  during  December.  If  the  gradient  wind  is  weak  the 
cycle  controls  the  local  wind  and  the  wind  will  be  highly  variable 
in  the  morning  and  evening  hours.  This  means  that  care  is 
required  to  place  the  ship  in  order  to  correctly  target  the  tracer 
gas  on  the  shoreline  measurement  network. 

Beginning  at  0800  of  each  day,  the  shipboard  measured  value 
of  the  wind  was  radioed  to  the  shore  command  post  every  half-hour. 
These  winds  were  compared  to  those  on  shore  and  when  the  wind 
began  to  come  around  to  westerly  the  ship  was  moved  to  the 
proposed  release  location,  usually  about  1100.  wind  reporting 
then  occurred  on  a  more  frequent  schedule,  usually  every  10  min. 
When  the  sea-breeze  was  established  the  ship  was  moved  the  3hort 
distance  required  to  be  at  the  proper  position  and  the  tracer  gas 
release  began  as  soon  as  the  anchor  was  down. 

Approximately  one-half  hour  after  the  release  began  the 
aircrft  arrived  at  the  ship's  position  and  made  a  sounding, 
spiraling  upward.  When  the  spiral  was  complete,  smoke  would  be 
released  at  the  ship  to  aid  the  initial  positioning  of  the 
aircraft  for  plume  transects. 

Once  the  gas  release  began  there  was  no  way  to  reposition  the 
ship  if  the  wind  changed.  Pulling  the  anchor,  moving,  and 
reanchoring  require  approximately  one  hour.  The  loss  of  time,  the 
need  to  restart  shoreline  one-hour  average  samples,  and  the 
definite  possibility  that  the  wind  direction  would  change  again  in 
a  variable  wind  situation  preclude  moving  the  ship. 
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There  were  times  when  shipboard  operations  interfered  with 
collecting  meteorological  data.  In  order  to  indicate  when  such 
periods  occurred,  a  list  of  shipboard  events  is  presented  below: 


(Times  are  +5  min) 

12/6 

0830 

Underway  from  Monterey,  sea-surface  temperature 

sensor  failed  shortly  after 

12/8 

1100 

Finish  repair  of  sea-surface  temperature  sensor 

1200 

Start  SFg  release 

1700 

Stop  SFg  release,  remain  at  anchor 

12/10 

0915 

Move  ship  to  new  location 

1400 

Release  scrubbed,  drift,  ship  perpendicular  to  wind 

1645 

Move  ship  and  anchor 

12/11 

1200 

Raise  anchor,  move  ship  to  release  position 

1225 

Drop  anchor 

1230 

Start  SFg  release 

1850 

Stop  SFs  release 

2010 

Turn  off  all  equipment 

12/12 

0900 

Go  to  shore 

12/13 

0730 

Back  on  station  near  release  point,  drift 

1135 

Move  ship  to  release  point 

1150 

Drop  anchor 

1155 

Start  SF g  release 

1855 

Stop  SF5  release 
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12/15  1010  Move  ship  all  over  the  place 

1040  Drop  anchor  and  start  SFg  release 

1800  Stop  SFg  release 

12/15  0735  Go  to  shore  to  get  radiosonde  balloons 
0855  Underway  to  release  position  area 

1055  Move  ship  to  release  position 

1115  Drop  anchor  and  start  SFg  release 

1905  Stop  SFg  release 

2000  Go  to  shore 


2230  Begin  obtaining  background  meteorological  data,  drift 
12/16  0250  Move  ship  farther  to  sea,  obtain  data  on  wind 
structure 

12/17  1400  Turn  ship  north 

1920  Stop  ship  off  Pt.  Sur  to  wait  for  fog,  drift 
12/18  0035  Turn  ship  into  wind 

0310  Full  speed  to  Monterey  Bay 

0610  Turn  ship  into  wind 

0700  All  equipment  off,  head  for  home 
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III .  Meteorological  Measurements  and  Calculations 

Extensive  meteorological  measurements  were  made  on  the 
RV/Acania  in  order  to  obtain  as  complete  a  characterizaation  of 
the  boundary  layer  as  possible.  Detailed  descriptions  of  the 
equipment  and  calibration  procedures  can  be  obtained  from  NPS. 

A  mast  on  the  bow  held  a  measurement  station  at  7  m  above 
mean  sea  level;  a  second  station  at  20.5  m  was  on  a  mast  placed  5 
behind  the  bow.  The  lower  level  experiences  some  ship  influence  m 
while  the  upper  is  relatively  uninfluenced.  For  this  reason  only 
data  from  the  upper  station  is  used,  lower  station  data  being  used 
only  in  the  event  of  the  failure  of  a  sensor  on  the  upper.  At 
each  station  the  following  parameters  were  measured: 

relative  wind  speed 

relative  wind  direction  (upper  level  only) 
air  temperature  (T) 
dew  point  temperature  (TD) 
wind  speed  fluctuation 

Other  parameters  which  were  measured  or  observed  were: 

sea  surface  temperature  (Ts) 
ship  roll 
ship  pitch 
ship  location 
inversion  height  (Z^) 

temperature  and  humidity  profiles  to  500  mb 
sky  cloud  cover 
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The  temperature  and  humidity  profiles  were  obtained  by 
shipboard  radiosonde  launch  and  were  taken  every  12  hours.  The 


temperature  inversion  height  was  determined  by  an  acoustic  sounder 
which  gave  a  continuous  strip  chart  record.  Most  data  listed 
above  was  averaged  for  one  half  hour  intervals.  The  exceptions 
were  relative  wind  speed  and  direction  and  ship's  pitch  and  roll, 
for  which  10  sec  averages  were  obtained  and  recorded  for  the  full 
period  of  a  gas  release. 

Data  acquisition  is  computer  controlled,  and  the  computer 
calculates  a  number  of  boundary  layer  properties  at  the  end  of 
each  one-half  hour  period.  These  parameters  are: 

Friction  velocity  (U*) 

Scaling  temperature  (T*) 

Scaling  water  vapor  mixing  ration  (q*) 

Stability  parameter  (Z/L) 

Virtual  potential  temperature  flux  (Q0) 

Convective  mixing  velocity  (w*) 

Convective  mixing  time  (t) 

Relative  humidity  (RH) 

True  wind  speed  and  direction  (U,  WD) 

Horizontal  wind  direction  standard  deviation  (erg) 

Turbulence  kinetic  energy  dissipation  rate  (e ) 

All  of  these  parameters  are  one-half  hour  averages.  Shorter 
term  averages  of  the  wind  speed  and  direction  and  their  variances 
are  obtained  by  calculations  that  are  made  subsequent  to  the 
experiment. 
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IV  Tracer  Release  Data 

In  all  cases,  the  tracer  gas  was  released  at  ambient 
temperature  from  a  height  of  13m  above  mean  sea  level.  Three 
SFg  bottles  were  attached  to  a  heated  manifold  and  gas  from  two 
of  the  bottles  was  released  simultaneously.  Releasing  from  two 
bottles  decreases  the  expansion  rate  and  prevents  the  cylinders 
from  icing.  The  output  of  the  manifold  went  to  a  rotometer  and  a 
valve  which  was  used  for  flow  setting  and  coarse  monitoring.  A 
calibrated  mass  flow  meter  which  was  supplied  and  monitored  by  SRI 
was  used  to  accurately  determine  the  flow  rate. 

The  dates,  times,  and  locations  of  the  tracer  experiments  are 


found 

in 

Table  1. 

Bottle  weights  and  weights 

of  gas 

used  are 

found 

in 

Table  2. 

Flow  rates 

are  found  in 

Table  3. 

Release 

Date 

Latitude 

Longitude 

Start 

Time 

End 

Time 

1 

12/8 

35*2.6 'N 

120*42. 1'W 

1158 

1658 

2 

12/11 

35*  4.  0  'N 

120*41. 9*W 

1229 

18  49 

3 

12/13 

35*2.9  'N 

120*  42.0’W 

1152 

1852 

4 

12/14 

35*3. 3’N 

120*41. 8'W 

1038 

1858 

5 

12/15 

35*3. 5'N 

120*41. 8'W 

1117 

1902 

Table 

1. 

Location 

and  start 

and  end  times 

for 

tracer 

gas 

releases.  Times  are  Pacific  Standard. 


8 


Bott  le 

Initial 

Weight  (lbs)  after 

'  release  Number 

Number 

Weiqht 

#1 

£2 

#3  #4  #5 

3 

255 

161 

11 

252.  5 

147.  5 

12 

259 

166 

13 

260 

16  4.5 

14 

254 

1  44 

15 

259 

137 

16 

258 

143 

17 

252 

148 

18 

256 

161 

19 

256 

143.5 

20 

254 

134 

Total 

Weight 

297 

190.5 

209  2  42  2  2  7.5 

Released 

Table  2. 

SFg  bottle  weights 

before  and  after  the  releases  and 

total  weight  used. 

Weights 

are  accurate  to  +  0.5  lbs. 

Release 

Weight 

Total 

Flow 

Number 

Used 

Time 

Rate 

(lbs) 

(hrs) 

( lbs /hr ) 

1 

297 

5.00 

59. 40 

2 

190.5 

6.33 

30.09 

3 

209 

7.00 

29.88 

4 

2  42 

8.  33 

29.05 

5 

227.5 

7.75 

29.25 

Table  3. 

Average 

flow  rates 

( lbs/hr) 

for  the  five  tracer  gas 

releases.  Rates  are  determined  from  total  weight  used 
and  elapsed  time. 
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V. 


Wind  Histories 


Winds  were  recorded  on  the  RV/Acania  in  two  ways:  1)  Before 
and  during  each  tracer  release,  instantaneous  wind  readings  were 
obtained  and  reported  every  10  rain.  These  were  recorded  every 
hour  on  the  weather  observation  log;  2)  Average  winds,  usually 
over  one-half  hour  periods,  were  acquired  by  the  data  acquisition 
computer.  The  instantaneous  determinations  were  plotted  on 
shipboard  and  used  to  aid  in  the  go/no-go  decisions  for  a  tracer 
re  lease. 

The  wind  histories  are  plotted  in  Figures  1.  The  wind 
directions  are  plotted  on  the  figures  and  the  speed  is  indicated 
by  the  length  of  the  bar.  These  data  are  mainly  one-half  hour 
computer  averages,  supplemented  by  instantaneous  observations  when 
the  averages  were  not  available  (such  as  when  moving  the  ship  to 
the  release  point). 

The  figures  show  clearly  the  land /sea-breeze  changeover  that 
occurred  during  the  late  morning.  On  days  when  the  change 
occurred  the  window  for  testing  (during  times  of  westerly  winds) 
was  from  approximately  1200  to  2000.  Note  that  the  wind  direction 
axis  is  not  the  same  on  all  graphs.  This  was  done  so  that  each 
graph  could  be  a  continuous  plot. 


Following  Pages 

Figures  1  -  Wind  histories:  true  wind  direction  versus  time,  wind 
speed  indicated  by  length  of  the  vertical  bars.  Data  is  mainly 

one-half  hour  averages. 
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VI .  Meteorological  Data  and  Calculated  Parameters 

The  mean  meteorological  data  and  calculated  boundary  layer 
parameters  are  listed  in  Table  4.  The  symbols  used  are  defined  in 
Section  II. 

Wind  speed,  relative  humidity,  and  air  temperature  values  are 
those  measured  at  the  upper  level  (20.5  m) .  All  calculated 
parameters  were  determined  using  the  bulk  aerodynamic  method. 

Most  of  the  data  is  one-half  hour  averages.  Shorter  averaging 
times  are  readily  apparent  where  they  occur  in  the  data;  longer 
times  were  not  used.  All  times  are  the  end  of  an  averaging 
period. 

The  boundary  layer  depth,  Z^,  was  very  difficult  to 
determine  during  much  of  the  experiment.  Zeroes  in  the  table  show 
those  times  where  no  well  defined  boundary  layer  existed.  The 
heights  were  determined  using  both  radiosonde  and  acoustic  sounder 
results.  The  acoustic  sounder  was  often  of  limited  use  because  of 
multiple  echos. 

The  stability  parameter,  Z/L,  and  the  scaling  parameters, 

U*  and  T*,  were  determined  using  the  bulk  aerodynamic  method. 

For  a  stable  surface  layer,  the  iterative  method  used  to  perform 
the  calculation  will  not  converge  if  Z/L  is  too  large.  For  these 
cases  Z/L  is  arbitrarily  set  to  999  in  the  table. 

The  method  used  to  calculate  the  convective  mixing  velocity, 
W*,  and  the  mixing  time,  t,  are  valid  only  for  an  unstable 
surface  layer.  For  the  stable  case,  these  parameters  are  set  to 
zero. 
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The  data  presented  in  Table  4  are  of  two  types.  The  first  is 
the  data  obtained  during  the  tracer  gas  releases.  The  second  is 
the  complete  data  set  from  the  cruise. 
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Table  4  -  Meteorological  data  and  calculated 
boundary  layer  parameters. 
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VII.  Radiosonde  Results 

Radiosondes  were  released  from  the  ship  twice  in  each  24-hour 
period,  generally  at  0500  and  1700  PST.  Releases  were  made  and 
interpreted  by  a  Navy  radiosonde  team.  Temperature  and  humidity 
were  determined  by  them  at  standard  levels  and  significant  points. 
Since  we  are  interested  in  the  detailed  structure  of  the  boundary 
layer  such  a  treatment  is  too  coarse.  Thus,  the  original  strip 
chart  output  and  the  met  team  determined  calibration  points  were 
used  to  construct  finer  scale  graphs,  which  are  presented  in 
Figures  2. 

There  are  two  apparent  sources  of  error  in  these  radiosonde 
results.  The  lowest  height  reading,  which  is  obtained  at  the 
ship,  is  subject  to  ships  influence  and  should  not  be  used.  Thus, 
it  is  not  possible  to  use  the  radiosonde  to  determine  properties 
of  the  surface  layer.  The  radiosonde  humidity  system  was  not 
capable  of  measuring  a  relative  humidity  below  20%. 

It  is  very  important  in  understanding  transport  and 
dispersion  to  determine  whether  the  boundary  layer  is  well  mixed. 
We  do  this  by  examining  the  potential  temperature  and  specific 
humidity.  These  parameters  will  be  well  mixed,  constant  with 
height,  in  a  well-mixed  boundary  layer.  The  two  parameters  have 
been  determined  from  the  radiosonde  results  and  are  also  shown  in 
Figures  2.  Again,  note  that  the  lowest  point  for  each  sounding  is 
not  reliable. 

The  specific  humidity  and  potential  temperature  plot3  have 
been  processed  to  obtain  information  needed  for  boundary  layer 
modeling.  The  well-mixed  values,  jump  in  the  values  at  the 
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inversion  {for  a  zeroth-order  jump)  and  the  gradient  above  the 
inversion  are  all  given.  These  have  been  obtained  by  digitizing 
the  plots?  the  digitizing  is  shown  by  the  broken  lines  in  the 
figures.  It  is  readily  apparent  that  the  boundary  layer  was  not 
well  mixed,  nor  its  height  well  defined  for  many  days  of  these 
experiments . 
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Figures  2  -  There  are  two  groups  of  figures 

a)  Temperature  (solid  line)  and  relative  humidity  profiles 
(broken  line)  determined  from  each  radiosonde  release. 

b)  Mixed  layer  parameters*  potential  temperature  and  specific 
humidity.  Plots  for  a  given  day  are  on  facing  pages. 
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VII .  Acoustic  Sounder  Results 

The  acoustic  sounder  was  operated  continuously  throughout  the 
cruise.  Figures  3  are  photographs  of  the  strip  chart  output.  As 
can  be  seen  there  was  seldom  a  well  defined  return  that  would 
allow  one  to  easily  determine  the  boundary  layer  depth.  In  Table 
5  we  list  the  heights  of  detectable  acoustic  returns  for  every 
half-hour.  In  many  cases  the  returns  were  weak,  in  others  there 
were  multiple  returns,  so  that  it  is  not  certain  if  they  indicate 
the  height  of  the  base  of  the  inversion. 

The  difficulty  in  determining  the  inversion  height  is 
confirmed  by  the  radiosonde  results.  As  discussed  in  the  previous 
section,  there  was  not  a  well  defined  mixed  layer  for  much  of  the 
operation. 
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Figures  3  - 
The  sounder 
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Acoustic  sounder  strip  charts, 
was  located  on  the  RV/Acania. 
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